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(54) Epoxy resin foam and method for its production 

(57) An erxwy resin team having a reem skeleton, 
obtained by reacting 100 parts by we«ght of an epoxy 
resin having at least one epoxy group per molecule and 
from 5 to 50 parts by weight of at least one phosphoric 
aod selected from the group consisting of phosphors 
aad, poiyphosphonc aad and ptienytphosphonic acid. 
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Description 

The oresent Mention relates to a novel epoxy resin foam and a method for its production. More particularly, it 

^Sa 8 ree^a* incorporated to a resin foam tor me purpose of morJfying a ttwmcpiasbc res.n toam or 
'S^lD CS. heat resistant eweorrtng me brittenees o, . phenoic re*n foam, or cap- 

" "* F^SS dbdOM. that a foam can be obt»ned at room temperature by blend^ an epoxy resin, an 

an ££ rX n^Clic resin having an average partde ~* « fa, mo* 300 ,m. a pollen, resm, a latent 
» curing agent for epoxy resin, a de^omposaWe Wov«n 9 ^^ ^rfac^ ^ ^ 

Still further, JP- A-S-i aa625 discloses a heat-foarnable resin sheet comprising a itquw or s«» ^ h« 7 

a carbonate of an amine. _ . p/iStic , Q{ rwin8 ^ bM widely used as joint filta*. sealants, or 

^«^sliiclur8 0llhe^OT«iWWt«m antoUem «ut t» rM « t» Unit 

«. * ^.^^7^ d^acte of the prior a* to 

It is an object of the present invention to wive ^^^^ ^ for producing such an epoxy tmn 

tor heating. , rAR ; n foam having a rosin skelelon, 

50 parte by weight of at leas t one phosphoncacri ^™ at lftast on , phosphoric 
phoric acid and phenytprwephonic acri. or from 5 to SO pars ^^f^*^ . Dhenyiphosphonic acid, and at 

51 selected from the group coning of phosphor* «* ^^^^^^Z a pncsononc ad 
50 lea* one phosphoric acid compound selected from the c/oup c^^c< a r^ospnonc aod saK 

«*. having one or a method tor producog an epoxy resin 

JT32 ^"^X^^ - — A to D in the toltow-ng ra„o 
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An apoxy resin having at least one epoxy group per molecule 



1 00 parts by weignt 
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L. pdypr^pZ* aod and phenyl phesphon-c a«d 

or 

A ^ at S 

at least onaphosphonc ^ *^!^ mere hydroxy! 

pho^oric acid salt and a phosphoric aad ester, havmg on 
groups bonded to a phosphorus atom 

A blowing agent 

A foam stabilizer 



5 to 50 parts by weight 



5 to 50 parts by weight 



1 to 90 parts by weight 
0.01 to 10 parts by weight 
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In the preunt invention, the epoxy res.n . a w , ing . Such a compound is a compound sc- 

poundw^s capiat rearing w*n a currgagem to W es ^ twins a gtyedy. group* 

Sed a mm agent at an epoxy re«n, of a polyep^de^ such an epo^ How***, the epcoy resin snot 

JJi grcJp. » preterm ^cuarty «^"J^^.£fc aliphatic apcxy resn, a «odyl ej" 
mm » such • ^erred resin, and it is powbto to ' r8sin (aJC h an e^xay res* may be -n 

theformotanoligom.O.FiJrthw.aneofsucnsP^ 

-esse* ~— »«- - -j=^^i=5ss*2^« 

M. a annw rpsin Accordingly' ^ 

^^'omer hand the phosphoric add auicWy reacts *^"^*^.*™*~.*»<* 
lvalue tend 8 to be too large due to the rap* WCt-on ^ to a unrtorm toanrln 
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. , .h-rpfav to orodwe a good loam. Such a phosphoric ac>d 
reaction with epoxy groups to suppr^ ih. cabnf*c ^ and l0 a resm team. Accord- 

hydrogenphwsphate. caloum dihydrogenpn«pna». ' , may & axampie, be monomethyi pnos- 

pL, or ^u.inum Mrogenpho^te- |A»P* *cgg* ^^^e. mc.osoprcpyl 

phala, dimethyl phosphate, monoaW ^^^'^^^phosphate, phosphate or 

phosphate, monobutyl phosphate, monolauryl phosphate, monostearyt pnosp w 

monoisodecyl phosphate. . . ortri « , ISBd ln an amount of from 5 to SO parts by weight per 1 00 

, n present .nvermon, ^^S^SS^^SS *» than 5 parts by w«*L crosslink of 
parts by weight of the epoxy men. If the amount * ^ adequate p^ty, or the heat of reactor, 

me epoxy resin terxis to be inadequate, and th e r^^am w* rx*have adeq ng ^ ^ 

generated by the reaction with the epoxy resn tends ^j^.^'^ e^L* ratio. On the other hand, if the 
I be inadequate, whereby * will be dHfcult to obtain a foam £ J^JSSi be excessive, and its propor- 
amount of mST phofphorio acid exceeds 50 parts by w«aht *^^ a °^ e ^ ^ of the foam tends 
tan remaining in the form of a free acd in the foam tarda »^*Z£^ Lit corrosion or cotor change of 
to be poor, and if such a foam » in contact wrth a metal or wood. ,t * Italy to bnng 

such a metal or wood, adiusted depending upon the particular application of the 

Further, the amount of the P h ^^^ S J^^rcS F TLi^n a case where H is not desirable 
toam. the method for its production ' ** 'T^t^d a relatively smart amount wHhin the 

the phosphoric actf (hereinafter somefimes referred to ^^^^^J^ thVphosphoric acid compound 
fromSte 50 parts by w*ght per 100 parts STSrW*^ of the foam, the method tor 

relative « the phosphor* acid can be adjusted depndna c ^ , suitably be ^aed to 

its production or the condition for the products. ^^^e^ P ° 
attain a proper calcrifta value or to attain a WWrtW«JJ^ ^ ^ ^ 

40 and curing. , . ^^antioaal blowinq aqents may be mentioned such as 

As ft. Wowing agent to be used in the P^^^'^Xd^rb^ having a boHing point of from 0 

halogenated r^rocartocm or ^^^^^^^^ **** » **" * room ^ M 

to 100-C are preferred. Particularly preferred ^^^^^^^ „ m0 r B of them. 

These dewing agents may be used alone or ^^^^^^ ^ as methylene ch*nde and 
4S The halogenated hydrocarbon^ £^i7Sa«-«n. (HCFC23). 1 .1^htoro-1- 

triehloroethyfene; chlorofluorinated hydrocarbons such j* 2 - 2 ^^ , HrFC225ca) ^ 1 , 3 -dichloro-1.1.2,2,3'pen- 

taltuoroprcpene (HCFC225cb); and fluorinated hydrocarbons such as i , i , i . 

1,1,1 ,3,3-pentafluoropf opane (HF«*SJ- . ^ itl „ a^unt of from 1 to 50 parts by we-ght per 

so ,n ^ present ^verrton. the ^^^^^ 1 part *i ^ght. foam-ng tends to be inadequate, and 
100 parts by wetght of the epoxy resm. « he amount * ^ ^"'^T ^ d decreaS e. whereby the ng«Jrty or 
il i, aVceeds 50 parts by weqht. open ce«6 tend to increase, and dosed ceils 

heat .nsJstfng property of the taanv tends to ^ incrMM w decr9as9 of the amount of .he 

cation of the foam so mat the required foam <tawty .^^Xerrtonal stabilizers may be mentioned which are 

As the loam stabler to be used .n the present resin foams or phenoiic resin foams, 

cor^on^ usad ter the production ot various res.n foams ,uch as potyurema 
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■Mrred As such a surtactont. a ncn,on,c surfactant * more preferred. 
As such a loam stabilizer, a surfactant « P^J^ ^ of two or more of them. 

T^ese foam stabilize my be used alone or m ™^ le _ ^ ^ such as wM" mem- 

Norton* surfactants useful as such a team stab tee. ^J^^J^^^yiene sorbttan monooleate. pol- 
JS^an monocyte, poiyoxyethytene ^^^SS^ polyetrry.enegryccl 
esters sue. as poly.**. 5£J*^ ** «*« PW^*" 

erabiy fror.0.5 ,o 5 parts by we^nt pert 00 parts £ ^ tends to be inadequate and rf 1 

me efleet tor unifying the dUrtrtoution or the sue <" J*^" ^ riaidit y o( the foam. 

l„ the pre*** inventor, a filler or ap^ **J «Zat7tate, kaolin, bentonrte, mea. 

as a 0m «>*. Wwwa w» * phosphoric add or wrth the rnrtM or me pr* * a 

The mixture of the epoxy resin \wm F T\ , hMt ^ by utilizing the heat at reaction "J~£V 
undergoes a reaction at room temperature to ^l ^SZt or *ith the mixture o< *e phospbonc ac*. etc. 

jsr^==i: •. si — — — «~ 
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EXAMPLE 1 



MPL£ 1 ^ata was added as a foam staler to 100 parts by weight 

2 Part, by w.ght of polyethylene monostearata was add 
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^—byrr^ab^^ 

and an o^resol novolaktype epoxy res.n JwjgaMj vdent * tank d a mU lti^ornponent 
, n a waght rafo o< 1 :1. to obtain * *"/ut e c! riH as component Y, was put Mo a separate 

foaming machine, Than, 85% phosphor* aod tor '^^J™^^ ^poner* Z. was put into still 

KI " ^ . ,, ., tv,^ , i^i t *iofo-l-Huoro8th»n«asablowngag«rTt,oe«grwiea«»^ *~ _ 1fy1 ^ n . 1(1 

feed matanaJ tank Then, ^^ chlo,< ^ nuo ° _ lntroduc8 d in a discharge weight ratio of X.Y.Z -10030.10 
another feed material tank Corrporents X a^i Z ^ discfiarg ed. 1 .250 g of this reacts mixture 

in a total flow rate of 3 kgm,n ,nto a mjxrg ^^^^^^e, whereupon foammg started 1 5 sec 

EXAMPLE 2 

, 5 Part * w«ght - a — 

molecUar w«ght of about 600, to f 8 ^^^*' ^^se and alurninum dihydrogen phosphate were 
mixir^ing machine. Then. 39% P^o^ -dte ^™ ^ matenai Than, methylene 

mixed in a weight ratio of 4:1 , to obtain component Y, ^"^'J ^ m(0 gt 4:1 as a Wowing agent, to obtain 
cnionde and 1 ,1 ^^^ 2 ^T^Z^1 ZT^«<* X, Y and Z were introduced in a de- 
ponent Z. whK* was put ^^J^^J^^^ rnxng head, and a reactive mixture Was 
charge weight ratio of X:Y:Z = 100:45:15 .n ^J^^y «So a metal frame of 500x500x1 00 mm at room ten- 
rtscharged. 1.250 g ^^.^^^^f^ ^ toa-g and cunng were corseted four m,n- 
perature, whereupon foafnng started 30 seconds an 
utes and 30 seconds after tte casfcr>g. 

25 EXAMPLE 3 

part, by wight of a phenol novoiak PoW^*« x^S^sS^ ^ ™ t9r,ai tank of a mutti-component 
moieaL weight of about 600, to ^^^ X J*SS «. «t 76%, as calculated as PA-* polyphoe- 
rrtxing-loaming mach^e. Then, ^^^^^ X wh*h was ^ Ho a separate teed ma^l 
phoric acid were m.xed h a we.ght rate 0U.1 , » *J n ^Sid ^ component 2. was put >nto stil another feed mate- 
S«v l .1 -dichloro-i .fluc.oethane as a S5w W^*) of X:Y:Z , 100:5.5:10 in a totai M» rate 

rial tank Components X. Y and Z were ,ntrcduced n a d '™° w " 9 tf ^ reactiv8 mixture was immediately 

EXAMPLE 4 ^ ta 1Q0 

0.5 Pan by w«ght of a ^ 
parts by weight of a phenol no^ak pclyglyadyl material tank of a multi^rponent 

Ocular we^ht of about 600, to ^^^i^S!^ rr^ethylphosphate were rnixed in a 
m,x.n 9 -feaming mach^e. Then, ^aSarSe feed mater*, tank Then, 1 ,^i*.c<o« 

Weight ratio of 3:1 to obtain compon^ ^^^f ' Z'^L etill another feed ma«er,al tank Components X, 
oe thane as a blowrng agent des«nated as ^^J^T^w-JS^ in a total flow rata of 3 kg/min .rto a m«.ng 
Y and Z were introduced in a *^J^'* 0 * ^ reS rrtxture was cast into a metal traitie of 
head, and a revive 

500x500x100 mm at room temperature, wnare^joi y 
irg were completed five minutes after the cashng. 

COMPARATIVE EXAMPLE 1 

. , Q added as a foam stabilizer to 100 parts by weight of a mix- 
2 Parts of polyoxyethylene ^JT°T^^ * n H^ing an epoxy ^uiv^ent of 180 g/eq and an 
tore prepared by mix,ng a bisphenol A d.gJyadyl e^er typ« ^ we .gh» of about 700 <n a 

o-^ncvolak type epoxy resin having 

.eight ratio of 1:1, » obtain component X. ^J^jj^ ™££ 0 Zt Y. was put into a separate feed mate- 
ma?h,ne, Then, triethyleoedfcmine as a curing ^^^^ as component Z, was put Ho « another 
rial tank Then, 1 .michloro-l-fluoroethane as a blowing agent aeeigrun 
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• m y-Y'Z =» 100*40:10 in a total 

, 9ed ^ ran, Co*-- X. V a* ■^^SSST-St Of" this -^e^ 
£ rate of 3 kgmwr into a M ^££^J^^ foarhng started 2 n.nutes 

mediately cast into a metai ^ * Routes after the caring, 

after the casting, and toamtng and cunng were comp«» 



COMPARATIVE EXAMPLE 2 o^*, 2 par* by 

COMPARATIVE EXAMPLE 3 arwed as a loam stabilizer to 1 00 parts by wag* 

2 Parts of a dim*thylpolysil°*ar» polymyalkylane <**™"*. JJ* ^ so g/eq, to obtain component X. wh,cn 

a biXS A --r type epoxy ^^^^1^. Tn2n, tduenearte^yanate as a cur* 
or a Dtspne™ k ( nTuitj-component mixing roarmig wm pgnert v , 

T ^t « . ^ rx^Y^X^ in a discharge weigrn ^ 

S ^p^rr^parate feed materia tank C^JJJJ^^^ ^n,^ 
xy. 10050 in a KM «ow rate of 3 kg/rmn ^rmjj hjjdjg. « ^^pon loam- 



to 



T5 



2(7 



25 COMPARATIVE EXAMPLE 4 ^ 

o s Part by «*« of a dim^ylpclysUoxane rt^JJ^J ^ent of 175 s/oq and a 

started 30 seconds after the castmg. but 
ftoam having a predetermined sue was not obtamed. 

COMPABATNE EXAMPLE 5 ^ M a team ***** to 100 

0 5 Part by weight ot a dirne^y*^ ^^^ r STE g ^ epoxy eaurvalen. of 175 ^ 

molecular weight of aboul ^oa » oob , d for industna) use and 76%. a£ .^" ^ tank. 

e ^^S^" «*-" X t^fr^Si^ M mate- 

Ph ° riC 'SSo tSa as a blow.no. agent donated as ^^.^f^io in a total How r*. 
, Then. 1 ,1 -dicrtoro-1 ^ jn a d8charae we-oht ratio of *™ ^ j^iatfrly 

rial tank Components \ Y ^^f r " mixture was discharged. 1.250 a of «w '"^*and a fo^ was not 

cast into a metal frame or ou rr ^ rfltivG Example are sfcown 
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c acaxdi ng to the method for producing an epo*y ^ 

As shown by tne foregoing ^^^^ earned out at room ternperature to obtain ^ 
.n^ntion, to^ng and curing can be s-r^y and qu«*ly 
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foam and thus is excellent in f^r^ardancy 
s c,a,ms Hnft „«k hv weight o< an epoxy resin having at 

tfie grc^ coning otphosp ^^oartsby^tolanapoxyr^hav^at 

r at -east one f^^^SSiX^^^Ph-^ 

p^sphoricacdedec.h^ngooeofmo ^ ^.^^nwfcer selected Iromlhe 

* riftim 1 or 2, wherein the epoxy resin is . dic aiphatic epoxy 
* The »o*y resin foam according to Claw i» apwy resin and a cyc^ 

4 A method tor prod^ng an epoxy res, - 
*' fng^entsAtoD^e^ngrat-o. 
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B: I At least one phosphor ac« » ^ ^ 

i acid, poiyphosphonc add and phenyl pno^ 

C; I A Wowing agent 
0: I A foam stabler 



reignt 



100 parts oyw« 
5 to 50 parts by weight 

1 to 50 parte by weight 
Q.01 to 10 parts by weight 



0- A foam star>*z* ^fniicw- 

= AinethodforprodicinganepOTyreswtoarn 
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^^^^ - ~ 

A mixture comprising at ^^^^ phenylphc^honic acid and 
iaing ot phosphoric acW . ^^^^L the gr«* consisting of a 

groZ bonded to a phosphors atom 

A Wowing agent 
A foam stabifaer 



100 parts by wwgnt 
5 » 50 parts by weight 



1 to SO parts by weight 

0.01 to 10 parts by w^a" 1 



so 



. a foam stabifcer . (tan , tQ ne 

... aiV ,vv resin ib at least one 

- 1 Il^y r*n toam acordng ,0 CUm 4 o£ ^ w res, 
«nd a cyclic aliphatic epoxy ream. 
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